Stem cells can self-renew and generate differentiating daughter cells. It is not known whether these cells maintain their epigenetic information during asymmetric division. Using a dual-color method to differentially label "old" versus "new" histones in Drosophila male germline stem cells (GSCs), we show that preexisting canonical H3, but not variant H3.3, histones are selectively segregated to the GSC, whereas newly synthesized histones incorporated during DNA replication are enriched in the differentiating daughter cell. The asymmetric histone distribution occurs in GSCs but not in symmetrically dividing progenitor cells. Furthermore, if GSCs are genetically manipulated to divide symmetrically, this asymmetric mode is lost. This work suggests that stem cells retain preexisting canonical histones during asymmetric cell divisions, probably as a mechanism to maintain their unique molecular properties.
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A lthough all cells in an organism contain the same genetic material, different genes are expressed in specific cell types, allowing them to differentiate along distinct pathways. Epigenetic mechanisms regulate gene expression and maintain a specific cell fate through many cell divisions (1-3). Stem cells have the remarkable ability to both self-renew and generate daughter cells that enter differentiation (4) . Epigenetic mechanisms have been reported to regulate stem cell activity in multiple lineages (5-7). However, there has been little direct in vivo evidence demonstrating whether stem cells retain their epigenetic information.
The Drosophila male GSCs are well characterized in terms of their physiological location, microenvironment (i.e., niche), and cellular structures (8, 9) (Fig. 1, A and B) . Male GSCs can be identified precisely by their distinct anatomical positions and morphological features. A GSC usually divides asymmetrically to produce a self-renewed GSC and a daughter cell gonialblast (GB) that undergoes differentiation. Therefore, GSCs can be examined at single-cell resolution for a direct comparison.
In eukaryotes, the basic unit of chromatin called nucleosome contains histone octamer [2×(H3, H4, H2A, H2B)] and DNA wrapping around them. Indeed, histones are one of the major carriers of epigenetic information (10) . To address how histones are distributed during the GSC asymmetric division, we developed a switchable dual-color method to differentially label "old" versus "new" histones ( Fig. 1C ) that uses both spatial (by Gal4; UAS system) and temporal (by heat shock induction) controls to switch labeled histones from green [green fluorescent protein (GFP)] to red [monomeric KusabiraOrange (mKO)]. Heat shock treatment induces an irreversible DNA recombination to shut down expression of GFP-labeled old histones and initiate expression of mKO-labeled new histones. If the old histones are partitioned nonselectively, the GFP will initially exhibit equal distribution in the GSC and GB, and will be gradually replaced by the mKO (Fig. 1D) . However, if the old histones are preferentially retained in the GSCs to constitute potentially GSC-specific chromatin structure, the GFP will be detected specifically in the GSCs (Fig. 1E ). During DNA replication-dependent canonical histone deposition, histones H3 and H4 are incorporated as a tetramer, and histones H2A and H2B are incorporated as dimers (11) (12) (13) (14) (15) . Therefore, we generated independent transgenic strains for H3 and H2B, respectively. On the other hand, histone variants are incorporated into chromatin in a transcriptioncoupled but DNA replication-independent manner (16, 17) . Therefore, the histone variant H3.3 was used as a control for canonical histones.
To avoid potential complications caused by heat shock-induced DNA recombination on either one or both chromosomes in GSCs, each of the three transgenes (H3, H2B, and H3.3) was integrated as a single copy and analyzed in heterozygous flies. Examination of testes with the transgenes revealed nuclear GFP but little mKO signal before heat shock. After heat shock, mKO signals were detectable ( fig. S1 ). Different GSCs undergo mitosis asynchronously, and an average cell cycle length of GSCs is approximately 12 to 16 hours. Among all GSCs, 75 to 77% are in G 2 phase, 21% are in S phase, fewer than 2% are in mitosis, and G 1 -phase GSCs are almost negligible (18) (19) (20) (21) (22) . Moreover, the GSC and GB arising from an asymmetric division remain connected after mitosis by a cellular structure known as the spectrosome, when they undergo the next G 1 and S phases synchronously (19, 21) .
To examine the distribution of old versus new histones in GSC and GB after a round of DNA replication-dependent histone deposition, we studied testes 16 to 20 hours after heat shock ( Fig. 2A) . In particular, GSC-GB pairs connected by spectrosomes were examined (Fig. 2, B and H, arrows). On the basis of cell cycle length of GSCs, these GSC-GB pairs were from GSCs that switched from histone-GFP to histone-mKO genetic code during their G 2 phase and then underwent the first mitosis followed by G 1 , S, and G 2 phase and the second mitosis ( Fig.  2A) . Within this time frame, both old histones and new histones were detectable in GSCs at the second G 2 phase (Fig. 2 , K to M, and table S1) because new histones had been synthesized and incorporated during the first S phase. For histone H3, the GFP signal was detected primarily in the GSC but not in the GB (Fig. 2C) . By contrast, the mKO signals were present in both the GSC and the GB, with a relatively higher level in the GB (Fig. 2, B and D) . The asymmetric distribution of histone H3 was specific for GSC divisions, because both the GFP and mKO signals were equally distributed in spermatogonial cells derived from a symmetric division of the GB in the same testis samples (Fig. 2, E to G) . Quantification of fluorescence intensity revealed that the old H3 (GFP-labeled) signal was more enriched in the GSC than in the GB by a factor of~5.7, whereas new H3 (mKO-labeled) signal was more enriched in the GB than in the GSC by a factor of~1.6 (H3 GSC/GB data in Fig. 2T and tables S1 and S2). By contrast, this differential distribution of old versus new histone was not detected for symmetrically dividing spermatogonial cells (H3 SG1/SG2 data in Fig. 2T , (table S2) . H3 GSC/GB GFP ratio > 1 (*P < 10
), GSC/GB mKO ratio < 1 (*P < 10 tables S1 and S2: H3-GFP ratio in SG1/SG2 = 1.09; H3-mKO ratio in SG1/SG2 = 1.02).
In contrast to the asymmetric distribution pattern for the canonical histone H3, the histone variant H3.3 did not show this asymmetry during GSC divisions, by fluorescence images (Fig.  2 , H to J) and by quantification (H3.3 GSC/GB data in Fig. 2T , tables S1 and S2: H3.3-GFP ratio in GSC/GB = 1.03; H3.3-mKO ratio in GSC/GB = 1.03). The symmetry of the histone variant H3.3 suggests that the asymmetric mode is specific for canonical histone H3.
Fewer than 2% of all GSCs are undergoing mitosis; thus, all analyses above were based on postmitotic GSC-GB pairs. To further examine the histone segregation pattern during mitosis, we screened for mitotic GSCs. Indeed, old histones were mainly associated with the chromatids segregated to the GSC side at metaphase ( fig. S2) , anaphase (Fig. 2, N to P, fig. S2 , arrowheads), and telophase (Fig. 2, Q to S, arrowheads) . By contrast, new histones were more enriched at the chromatids segregated to GB side (Fig. 2, N , P, Q, and S, and fig. S2, arrows) . These results suggest that the sister chromatids preloaded with old histones are preferentially retained in GSCs and that the ones enriched with new histones are partitioned to GBs during GSC mitosis.
Next, we examined the histone distribution pattern during the first GSC division by recovering GSCs for 4 to 6 hours after heat shock (Fig. 3A ). An asymmetric distribution pattern was also found in the GSC-GB pairs with the H3 transgene (Fig. 3, B to D) . By contrast, a symmetric distribution pattern was observed for both dividing spermatogonial cells with the H3 transgene (Fig. 3 , E to G) and H3.3 during GSC division (Fig. 3, H to J) . Quantification of fluorescence intensity revealed that the old H3-GFP signal was enriched in the GSC by a factor of~13 relative to the GB, whereas the new H3-mKO signal was enriched in the GB by a factor of~2.4 relative to the GSC (H3 GSC/GB data in Fig. 3O , tables S3 and S4). By contrast, there was no differential distribution of the old versus new histone for the symmetrically dividing spermatogonial cells (H3 SG1/SG2 data in Fig. 3O , tables S3 and S4: H3-GFP ratio in SG1/SG2 = 1.07; H3-mKO ratio in SG1/SG2 = 1.06), or H3.3 during GSC division (H3.3 GSC/ GB data in Fig. 3O , tables S3 and S4: H3.3-GFP ratio in GSC/GB = 1.00; H3.3-mKO ratio in GSC/GB = 1.02). Although an asymmetric histone distribution pattern was detected in postmitotic GSC-GB pairs, examination of the mitotic GSC at this stage did not show any asymmetry (Fig. 3, K to N) . These data suggest that the asymmetric segregation mode (Fig. 2, N to S) relies on replication-dependent histone incorporation prior to mitosis. However, the factor of >10 difference of GFP signal between GSC and GB could be contributed by faster turnover of old histones in GBs, probably as a mechanism to reset the chromatin for differentiation. By contrast, the difference of mKO in GSC and GB was less substantial, probably as a result of new histone synthesis in both cells. Furthermore, the H2B transgene (table S4) . H3 GSC/GB GFP ratio > 1 (*P < 10
), GSC/GB mKO ratio < 1 (*P < 10 www.sciencemag.org SCIENCE VOL 338 2 NOVEMBER 2012 showed a similar pattern to H3 after the first GSC division (fig. S3) .
The consistent asymmetric cell divisions of GSCs could be lost under certain conditions, such as ectopic activation of the key JAK-STAT signaling pathway in the niche (23) (24) (25) . It has been shown that overexpression of the JAK-STAT ligand unpaired (OE-upd) induces overpopulation of GSCs (23, 24) . Consistent with the loss of asymmetry in expanded GSCs, the asymmetric distribution pattern of the histone H3 was not observed in OE-upd testes 16 to 20 hours after heat shock (Fig. 4) . These results demonstrate that the asymmetric histone distribution pattern is dependent on GSC asymmetric divisions. We propose a two-step process as our favored explanation ( fig. S4A ; an alternative explanation is discussed in fig. S4B ): Old and newly synthesized histones are incorporated to different sister chromatids during S phase; then, during mitosis, the sister chromatid preloaded with old histones is preferentially segregated to GSC.
These data reveal that stem cells preserve preexisting histones through asymmetric cell divisions. The JAK-STAT signaling pathway required for the asymmetric GSC divisions contributes to the asymmetric histone distribution pattern. This work provides a critical first step toward identifying the detailed molecular mechanisms underlying old histone retention during GSC asymmetric division. These findings in the well-characterized GSC model system will facilitate understanding of how epigenetic information could be maintained by stem cells or reset in their sibling cells that undergo cellular differentiation. Poor individuals often engage in behaviors, such as excessive borrowing, that reinforce the conditions of poverty. Some explanations for these behaviors focus on personality traits of the poor. Others emphasize environmental factors such as housing or financial access. We instead consider how certain behaviors stem simply from having less. We suggest that scarcity changes how people allocate attention: It leads them to engage more deeply in some problems while neglecting others. Across several experiments, we show that scarcity leads to attentional shifts that can help to explain behaviors such as overborrowing. We discuss how this mechanism might also explain other puzzles of poverty.
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T he poor often behave in ways that reinforce poverty. For instance, low-income individuals often play lotteries (1, 2), fail to enroll in assistance programs (3), save too little (4), and borrow too much (5) . Currently there are two ways to explain this behavior. The first focuses on the circumstances of poverty, such as education (6), health (7), living conditions (8), political representation (9), and numerous demographic and geographic variables (10, 11) . Put simply, the poor live in environments (for sociological, political, economic, or other reasons) that promote these behaviors. The second view focuses on personality traits of the poor (12) (13) (14) . But we suggest a more general view: Resource scarcity creates its own mindset, changing how people look at problems and make decisions.
To understand this hypothesis, consider how people manage expenses. When money is abundant, basic expenses (e.g., groceries, rent) are handled easily as they arise. These expenses come and go, rarely requiring attention and hardly lingering on the mind. But when money is scarce, expenses are not easily met. Instead of appearing mundane, they feel urgent. The very lack of available resources makes each expense more insistent and more pressing. A trip to the grocery store looms larger, and this month's rent constantly seizes our attention. Because these problems feel bigger and capture our attention, we engage more deeply in solving them. This is our theory's core mechanism: Having less elicits greater focus.
This view is not bound to the specific circumstances of poverty, nor does it make assumptions about the dispositions of the poor. This mindset stems from the most fundamental feature of poverty: having less. And this hypothesis is about scarcity more generally, not just poverty. Indeed, just as expenses capture the attention of the poor, researchers have found that people who are hungry and thirsty focus more on food-and drink-related cues (15, 16) . Likewise, the busy (facing time scarcity) respond to deadlines with greater focus on the task at hand (17) . Across many contexts, we see a similar psychology. People focus on problems where scarcity is most salient.
The second part of our theory follows readily from the first. Because scarcity elicits greater engagement in some problems, it leads to neglect of others. While focusing on the groceries from week to week, we might neglect next month's rent. While consumed with meeting tomorrow's
